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© Single-needle type plasma separation apparatus and plasma collection apparatus. 

™. M ,.«.,» o, » o«.c«,„„ M «... =* «, *. x™»TJr^irr,s » 

altoros 11» «dv«n»g« mac ir» a.cult codsirucl.on » «">P». *" " „- „^„ w ^ e „ !urta , 

made small, and an automation of the operation becomes possible. 
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SINGLE-NEEDLE TYPE PLASMA SEPARATION APPARATUS AND PLASMA COLLECTION APPARATUS 

BACKGROUND OF THE INVENTION 

.he donor must be circulated «.th a head^tweon ^ donor an p ^ ^ ^ 

collection container 60 and one of the concentrated red biooa ceu rese 

»s Refemng to fig. 15. also in me single neeaie lyy v ^ , j-. b)00d collection container 

separation is intermittently carried out by ut.hz.ng gravrty by th e manne »at tf.ej moo c 
75 is litted up and down, blood collected from a ve,n of red b.ood 

donor and a plasma separator 73. Then a plasma co .ect.on ^^^^^^^ Thus . it „ 
cell reservoir 75 must be kept below the P^.^^VZsflSTri at alow potfure. Besides, it is 

,o difficult to carry out the plasma collection operat.cn because " " *^r 73 in a narrow place. 

a,so difficult to ensure the -^saryhead between ^-a^^ separatjon apparatus . 

ffiSSKZ ^£S2XE£Z« - one another. resulUng had operabi.ity . 
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Accordingly, it is an obiect of the present invention to prov "^f u ^ 
apparatus arS a plasma collection apparatus for col.ec.ng p asma by ^ 9 a smgte need yp ^ 
separation circuit, wherein the circuit constructor tZs'U ensuring a head 
apparatus can be used even .n a narrow ^[ "^J™^ "JJted can be gathered, and plasma can 
for circulating blood through a plasma separator, parts to oe nana.eo ^ 

easily be collected. ««naration aDDaratus comprising a blood 

The above obiec, is attained I by a sing ^ % ^J£g2«?L connect the blood 
collection needle; a blood collection contamer. a nrs o.° * ^ transportation tube 

collection needle to the b.ood collection conta-ne, ^^^J^^^Z^^ 
connecting the b.ood collection container to a .Wood I ne «"* D £ , ransportation , ub e; a plasma 
tube connecting a blood outlet of the blood separator to P sma separat or to the 

collection container; a plasma transportation tube connecting receiving portion for the 

plasma collection container; and a blood collects ^^J^^^Z ^uo, of me receiving 
blood collection container and capable of pressur.ang and depressunang tne 

portion - , » hw a masma collection apparatus to which is connected a blood 

The above object Is also atta.ned by a plasma e °"°"™ °^ ton container; a first blood transporta- 
separation circuit comprising a blood collect.on needle, a blood collection coma.ne 
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~A\* \r> the hiood collection container; a blood separator;, a 
Hon tube connecting the Wood collection needle to the co1 ^ ^ jn|et of the blood 

second Wood transportation ^0^, of the b,ood separator to the first 

separator; a third blood uansportat^ ute coning a o» transportation , ub e connecting a 

blood transportation tube; a plasma col action "J^TJon container, comprising a blood collection 
plasma outlet of the plasma separator to ^/^^^^ preS surizing or depressurizing the 
Container receiving portion; pressurizing and *^ M ^.7Xma separator attachment portion for 
interior of the blood collection container ™J™*J. 0 *°^**^L the first blood transportation tube 
detachably attaching the plasma separator; first shut-off means or ^ ^ transportatjon 

of the blood separation circuit; second shut-off ^^SSwSuoo tube thereof, 
tube thereof; and third shut-off means for closing the plasma transport 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg t is a schematic illustration of one embodiment of the single-need.e type plasma separation 
^"and* 3 ^rr h emar"ustration S of other embodiments of the sing.e-needle type plasma 

separation apparatus of the present invention; „ mhodiment 0 f the plasma collection apparatus of 

Figs.4(a) and 4(b) are schematic illustrations ^J^^^^ HoanimMk 
T^T^tTorZ^^^:^ collection apparatus of the present 

KiiSSi. single-needle type p.asma , reparation Qf the present invention 

Fig.6 is a front elevation of the embod.ment of the plasma collection a PP 
to which only a plasma separator is attached: 

Fig.7 is a schematic crose sectional ^f^^^^ of me plasma 

Rgs.8(a) through 8(g) are flow charts for illustrating uie up 

;T2 S ro^rchrrillustraang the operation of the embedment of the plasma 
collection apparatus of the P« sen *j n ^"^: se , sure main , a in function by ON/OFF operations 

riVvaLT^^^ — used in the p,asma col,ection 

apparatus of the present invention; ooeration of the plasma collection apparatus when 

3 

DETAILED DESCRIPTION 

Tne single-needle type plasma separation apparatus of the present invention wi» be described with 

reference to embodiments shown in the « a ™"f- , o( the present invention comprises a blood 

s The single-needle type plasma separation apparatus erf w pe connecting the blood 

collection needle 21; a blood collection container 5; a first blood transportafio transp ortation 
collection needle 21 to the blood collection *-*^™%TL blood separator 7; a third blood 

tube 6 connecting the blood ^f^^^ZTS^o, 7 to the firs, blood transportation 

suriang the interior of the receiving portion. nt jnvention is provlded with the blood 

The single-needle type plasma separation •W"^"?* b|ood co „ ec tion container and capable 
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transportation tube 2 as shown .n Fig 1 In th« case. p ^ therebetwee n. The blood 

Wood inlet 7a of a plasma W p»«^ JI^STtE other end of the third blood transportation 
blood outlet 7b of the plasma separator 7 at its one eno. ne ™» 

is preferably in fluid communication with the blood chamber 3. 

blood collection needle 21 and blood chamber 3 and resDect ivelv. Shut-off means 13 is 

container 5. that is. in the first blood transportation ^ * koTTposed in the third blood 

disposed in the second blood transportation tube * ShU-oH means 2 O va^o ^ 

^Zsed.^ the plasma trans^ tube 9 are 

The first, second and third transportation tubes ^J^J'^^i vmy | chloride resin or 

preferably transparent flexible V^^^iSSiSm^ JSff JfSS. he minimum lengths 
silicone rubber. The f.rst. second and th.rd ^portaho . ubes 2^ ay respectively, 
enough to connect the plasma separator 7 f^^^^^Mhe e n«re length of the circuit can 
because there is no necessity for ensunng a head ^ e «*^° w " T cons »ruction of the apparatus can be 
be short, the whole size of the apparatus can be small, and the whole construction o 

simpli<ied . • c „„ rf ni« ma collection container 10 are preferably closed-type blood 

The blood collection container 5 and p asma ~«ect on cor Alternatively, they are 

rese .oirs made of flexible synthetic mm. to r~«eto n 'fo ^Je. ^ycTrbonate or rigid vinyl chloride 
open-type blood reservo,rs made of r,g d T*^,.^ l^s Rrther in the blood collection container 5, 
resin having hydrophobic filters not a. owing baaH, to pass. Fujen n the ^ 
, there is contained an anticoagulant l.qu.d such as ACD liquid. CPU concentrated red blood 

anticoagulant liquid is preferably a physiological ^^"'^J^^C ^h plasma has been 

cans which were collected ^^^S^SZ 5TS^2S3^12Sc anticoagulant Uquid in 
separated is directly returned to the donor. By ^posing i ne p y y ^ 
the blood collection container 5 in advance, an anticoagulant .n.echon .me , 
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removal or blood from the second 

pta'sma separator may be hoflow fiber mernbrane ^^^X^ b,ood collection container 5 
■me blood collection container receptacle 18 h f* are ^'™^ jvj ^ ion . T he receiving portion 
and a function of pressurizing and depressunz.ng the ''^^^ZZg the maximum amount of 
has a volume capable of receiving fhe blood c ollect.onj onta ner w h ^JJ r|or 9 0 , me receiving portion is 
blood in the case of the blood collection gainer 5 being the first bt00 d transportation 

d epressurized to transport blood into^ ^*^X£Z£ blood into the plasma separator 7 
tube 2. The Interior of the recemng portwn bpnwnM \w> £ den<>r from ^ p)asma 

from the blood collection container and return co ^**™. r8 l '° 2 ^ blood collection needle 21. 
separator 7 trough me third and ^^JTf^^^p^el Eluding a receiving portion 
More specifically, suitable is the blood collects ^ r ^.. e ^^ ontainer , wd a pump for suction and 
capable of being dosed in the state of receiving , the b ooc cdlect on cont^ 

feed which is connected l ^ the ^^J^^^^L* cd.ect.6n container receptacle 
3153 or Japanese Patent Kokai JP-A-63-23644^ wore p container as disclosed in the Japanese 

18 provided with a stirring function for blood in ^J*^™"^™^^. The stirring function is for 
Patent Publication JP-B-51-3153 orJ^seP^ Koka^JP A*KK» function can be 

stirring the anticoagulant liquid and blood .n the b '^^ t °" ^ front an0 re ar end portions ol the 
carried out by. for example, repeating up and down ^^^^tent Publication JP.B-51-3153. 
blood collection container receiving portion as disclosed .n the Japanese r 

Alternatively, the whole of the receiving portion ^ v**^- receptacle 19 . The plasma 

The embodiment shown in F.g.1 includes a P lasr " a J : 0 collection container 10 and a 

collection container receptacle 19 has a receiving ^^^^SXa^Sn has a volume capable 
function of depressurizing the interior of the of plasma in the case of 

of receiving the plasma collection container whe ^ ^^^^eceiving portion is depressurized to 
the plasma collection container 10 be.ng The intonor of tne » ^ col | e ction 

transport plasma into the plasma collection contamer ^^gT^SSan container receptacle 18 

collection container receptacle 18. noreCQflrv For example, the plasma transportation 

, s.te<»S »» P°«»°" 01 •» 'f^^^SZL -a* «> l0 .clnQ (not shown! lo. transporting 

and a peristaltic pump. M and 20 may comprise forceps or electromagnetic clamps. The shut- 

The shut-off means 11. 12. 13. 14 and may co. w ^ releasino means 17 may be provided 

off means 11.12. 13 and 14 (in the case of no shut-ofl me ^and reje «,ng . ^ ^ ^ 

with switching means 32 ^^^Llr^t rTasmg means 17 and is provided with a 
so electrically connected to the above four shut-off ™*" s ^£ £j ^ blood transp ortation mode for 
mode selection switch for selecting a mode (blooc 'collection separation 
transporting blood from the second blood tran sportation «*»*>£^ „ means and leasing 
mode). The mode selection switch is operated e de , n ^ b)000 cotleclion 

means 17 in their opening and closing states in accordance a fe|easj means 17 

S5 mode, the shut-off means 11 and 12 are open and the shut-off means 3 ana ^ ^ 

55 are closed. Although it is preferable M ft. shut.ff means 4* a* dosed, it rnay^ ^P ^ ^ 

r^r^ - - £«■ - b,ood return and p,asma 
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^ cum. cokefeo wn» -0 Mh. c=™»»s .ring* ~~« £ ^"T.tS 

detecting means 57 for detecting the we.ght of the blood colt ecbor ^«' ne £ around an 

collection container receiving portion; pressurizing means 44 for pressurizing a cu n«ra u 

^ a donor, and pressure detecting means »2^f£ , ^^^ e S Coagulant liquid 

means 46 for closing the anticoagulant liquid tra "Port** ' «^e4a transportation tubes 2 

in the single-needle type plasma separation circuit, the ^•^Jm^SlSSwIth the blood collection 
and 6 and anticoagulant liquid transportation tube 48 are in fluid common cat. on^ «rth 
container 5 through a tube 93 connected to the blood ~n«^ oontt^r ^J^SJJcjLt liquid 
shown in Fiqs4(a) and 5. The first and second blood transportation tubes 2 and 6 ana """"Ow- " 
SSiSJS 48 may directly be connected to 

More specifically, the pressurizing and 5 T a va cLm pip 43 an7a teak valve 50. The 

53. pressurizing/depressurizing change-over valves 51 and ^f^T*™ contai ner receiving table 98 
swiping means 42 comprises a swinging crank for swinging » W^coBjJjn ^^^J^ and 
disposed in the blood collection container receiving portion 4 •^ a ™« w ™° P cti means 57 , 
depressurizing means 58. swinging means 42. pres sure detectin g means S^we-gm ae g ^ ^ 

^rdesc ric ;d.aterwHh flow charts ^'^^'SJ^Zi^o.n.M^ is shown in 
A concrete embodiment of the plasma collection apparatus havmg '^•JSSaSp^ of the 
F.gs.5 through 7. Fig.5 is a perspective view o. the e mbod.men of the ^^J^SaKb is a front 
present invention to which the single-needle type plasma •V*"??"™^ Mention to which only the 
Nation of the embodiment line of Fig. S. 

— win ** described more detaned,y 

^i2KSi5f Apparatus 40 includes ^^^^7^^^^ 
providedwith detecting means for SZ'*™ in Fig. 7 9 

• means comprises, for example, a magnet 86 disposed on tne co e as 

collection container receiving portion 41. 
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The b.ood collection container .s mounted « , th^ood 
me tube connecting side °< » e receiving tab.e 98 is pivotal 

connecting side becomes the front side. ™° °' 00 ° comprising a swinging crank 90 and a motor 

supported in its front side ^^^^^^^SStlSL container receiving tabte 98 is 
91 for driving up and down the **«**™*^J^tf with respect to the horizontal. The swing.ng 
supported in its initial state at an inclination angle of zo Amplitude of ±20* with respect to 

means swings the blood collection container ™ ™ ^ blood collection container 

tf,e horizontal. Pressurizing and depressurizir^ me^>s is conn ^ ^ 

receiving portion 41 to pressurize or depressurize Ihe ^terior^of me exhaus , circuit 53. a 

portion 41 The pressurizing and «Pr™«"£ ^hown in ^ 4a. The pressurizing and depressurizing 
vacuum pump 43 and two 3-port valves 51 and I 52 » urn g ^ h g of 10 mmH g 

means 58 can establish a depressunzed state within « 1 a ^ of 10 mmHg. The set pressure 

and a pressurized state within the range of ** 1 to T 9 he y depressun2ed 0 r pressurized state is 

can be input at a front pane. 80 shown ,n Figs* and £ . £ vacuum pump 43 as shown in 
maintained to substantially a constant pressure .by ON/OFF ^oper* over me 3 . port valv es 51 
Rg. 1 1 . The depressurized and P"»^jJ2£^XJ means inciuding the operations of the 3-port 
and 52. The operation ol the pressurizing and de P ress "" a ^ 3 rt valves 51 and 52 is in the pass- 
valves will be described with reference to Rg. 13 Eacn ^ ,„ its OFF state as 

Ihrough mode in its ON state as shown in Rg -13(a) ana ^ QFF) as shown j0 F|g 

shown in Rg. 13(b). Thus, when only the 3 port ve£e 51 is ON (ti. pon^ ^ ^ ^ ^ 
13(c). air is exhausted by the operat.cn of the .vacuum pump ^ 52 ^ QN ^ ^ 

confer r .vi^ vacuum pump 43 so thai the 

tv^ari-*- - — 5s - ,or 

The blood collection container rece.vmg portion 41 is pro a fon rece)ving 

example, pressure sensor, for ^^ f ^T^^^ means 55 is attached to be in fluid 
portion 41 as shown in Fig. 4(a). S P**^^ JJJJ » 41 through . tube. As the pressure 
communication with the blood collect.on ^ "^ ^^ sensor is suitably used. The blood 
detecting means, a carrier JE^SS wTh a weigh* detecting means 57 for example 

o collection container receiving portion 41 to further P™^» detecting means 57 is attached to the blood 
weight sensor as shown in Rg.4 WJP^^ *• ° for dete cting the weight of blood in 
collection container receiving table 98. The we. gM detect.^ ^rnean, ^ ^ ^ 

the biood collection container. As the ^^"X blood leak sensor (not shown). The biood 
collection container receiving port.on 41 is further * r ^™"^ eMng table 9 8 so that the sensing surface 
, 5 .eak sensor is also attached to the blood I coUec ,on con^ner recejving table 98. The blood 

of the sensor is exposed in the upper surface s mounted on the ioad cell constituting the 

lea k sensor may be arranged as sensor is mounted thereon The 

weight detecting means and a printed ^ard const va|yes whicn are dosed in the ordinary 
shut-off means 12. 13. 14 and 46 ^^^T^^TJSLi on the left side surface of the plasma 
„ state. A hanger 85 for the anticoagulant Uqu.d ^f^ t ^J^° sepanlSof hold er 84 constituting a plasma 
collection apparatus 40 as shown ,n ^^J^^aS of the plasma collection apparatus 40 The 
separator attachment portion is formed on £ is about 30 mm below the center of the 

piasma separator holder 84 can rotate forwards «JMJ t0 receive the plasma separator, 

plasma separator ho.der 84 to a posrtio unci. ""J 9 ° ° x catch . A cuff pressure port 93 is 

«s The plasma separator is de.achab y *«^***™Z 4 0^2>™ i" Fig.4(a). a tube connected to 
formed in the front surface of the plasma col,ect,on ^P a 3 ra ^ S e 4 c , ut1 pressore port 93 is connected to a cuff 
the cuff 49 can be attached to the cuff pressure ?J Jf^e cu« pressure port 93 is provided 

pressurizing pump 44 disposed in ^-^SS^S^^^ and 3 ^ ^ "2 

with a pressure sensor 56 for de.ect.ng the internal ^^^Lanometer. The pressure sensor 56 
so pressurizing pump 44 suitably com pr.ses a ^ n ^ 0 V°^Sre sensor. The pressure applied to the cu« 
suitably comprises a carrier diffusion ^J 9 ^^^^ of +10 to + 100 mmHg by a step of 10 
49 from the cuff pressure port 93 is est ^^^^0^ in Rgs.5 and 6. The plasma coiiection 
mmHg. The set pressure can be input ^97 for detecting bubbies in the third biood 

S5 - s:: sr. sl* — 97 — y comprises a uurason,c 

- ^heTpTration o, the sing-e-needle type piasma separation apparatus of the present invention w.„ be 
described with reference to Fig.1 
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The shut,* means 11 and 12 ere o^^^a IL^ l^T^Z^l Z 
Cosed, and the btood collection needle 21 .s .^tabbed J^taS to a predetermined pressure by 
interior of the blood collection container portion is ^^^^ c|e 18 . blood is 

the pressurizing and depressing means of ^*^J.^™™* 2 , tabbed in the vein through 
collected in the blood collection container 5 from the Wood ' ~« e *'°" ^'^e-mentioned depressurized 
the first blood transportation tubes 2a and 2b and blood 8 is effected so that 

state is Kept and the stirring function of %™SZ?5££Z£tt stirring function of the 
blood is mixed with the anticoagulant liquid .n the ^ ' ™ °™ jned amoont of blood is collected 

^seguently. *e b.ood return and plasma ^paratio^ opera* Ion 

ThC i 5 !^ 0 ^!? 63 "^! 2 iliterior^f ^e^tood Tf « Pressured to a 

17 is closed Then, the interior of the btood cc lee ^ g 

predetermined pressure and the "tenor o^ he receiving po transported from the blood 

receptacle 19 is depressurized to a P^W^TJ £££ Woo<J , ranS portation tube 6. Plasma 
collection container s to the plasma *™0h*J teem btooo ^ h 

Next, the operation of the plasma collection apparatus 40 of the present invention will be described with 

reference to Figs.4. 8(a) through 8(g). 9(a), 9 < b > ^"f . 1 ° ronn „. ed t _ e b|ood separa tjon circuit comprising a 
The plasma collection apparatus 40 to which connec ted blooo sep connecting the 

blood collection needle 21; a blood collect.cn conta mer 5. a fir t blood second b!ood 
blood collection needle 21 to the blood collec ton contain* 5 a ^JJJfJJ blood separator 7; a 
, transportation tube 6 connecting the blood collert^n^ner 5 to a blood «of£ b ^ 
third blood transportation tube 8 connecting a blood outlet o^ the WOOC pa connecting a pla sma 
transportation tube 2; a plasma collection contamer 10 a ^^.^^g^, liquid container 45; 
outlet of the plasma separator 7 to the plasma collection container JJv^JJJJ" ^,3^ 45 to the 
and an anticoagulant liquid transportation ^1^1^ pressurizing and 

5 btood collection container 5. comprises a blood collector, , ""J^™^ blood coltec tion container 
depressurizing means 58 for pressurizing or <*press^.ng •« L^S^JScWno the plasma separator 
receiving portion 41: a plasma separator attachment portion^ attacn g p cjrcujt; 

7; first sbuH>« means 12 for Cosing the first ^"^i 0 hereof; third shut-off means 
second shut-off means 13 for closing the second "^^turth shut-off means 46 for closing the 
o 14 for closing the plasma transportation tube 9 thereof, and fourth shut oft mea 

anticoagulant liquid transportation tube 48. an , ir naoulant liouid injection step that the interior of 

The Pl asma collection apparatus 40 ^^^^J^oU^n of the pressurizing and 
the blood collection container '-^^ antiSagu.ant liquid into the blood 

depressurizing means 58 so as to inject a # btood collection step that the interior of 

« collection container 5 from the anticoagulant ion of tne pr e S surizing and 

the blood collection containe, r receiving , portion 4, is liquid lotion step so as to collect a 

depressurizing means 58 after completion of ""jJ^JJV^ {roma donor: a small amount blood 
predetermined amount of b.ood into the blood t^™.^™*™^ 4 1 is pressurized by the 
Tatum step that the interior of the blood collect ion con rtainer ««JJJW "° blood collection step so 

so operation of the pressurizing and depressurizing "JJr^^to 2 to the donor and flow the blood 

as to return the blood remaining in the first blood ^^^J^J^^ 2: and a separation and 
collected in the biood collection container 5 into ^^^^^^ 4 is pressurized by the 
blood return Step that the interior of the blood collection^ ^^^JJtton of tne smatl arno unt btood 
operation of the pressurizing and ^Pressurizing means* Rafter compto y 

s< return step so as to flow the blood cc leced - ^^^ 0 ~ rom the p.asma outlet of the p.asma 
. ::Sto P :rand C = n ^TJlC^tZ donor from the blood eel, outlet - the plasma separator 
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SUbS £el exSe'that Ave times plasma collection, a. earned out using the blood collect container 
of 200 mi will be described with reference to tU rned on. The CPU is initialized and 

First, the power switch of the plasma collection WPn^ « L^JSSi the set value of the blood 
each part is automatically checked in its electrical *^^^T?S ''<££• mode (only blood 
collection amount (200 mml or 400 mm., here 200 mml), Jhe, ^ mode o pe and 
collection or apheres.s. here apheresis). and the set f b ™ d , para(t J rs such as blood 

surlzing means 58. The weight of the blood ^ me blood collection container 5. 

value detected is memorized as TWO. Next, if there is ^ error «n settmgo *£J^£» N « > ■ 5, and the 
the blood collection amount of 200 mm. the number o ^JbtadjjfceJ^ ^ ^ 
operation mode (apheresis) are input ^^^^^J^^^ 49 is connected to 
is then connected to the plasma collection apparatus 4Q. ^tne tuoe |etion of me above-mentioned 

the cuff pressure port 93 and the cuff 49 .s attached to^ a done, A ^ comp.ejo ^ ^ 

setting, il the start switch on the front panel .s turned on the* the flow chart* ^ 
this operation, the weigh, o, ^ 00^^ Z J£ teUuTit has been detected that the 
collection container is 'container receiving portion, and the flow 

blood collection container .s not received in me o fe ^ gn a|arm 

chart enters a mount disposal rout.n. Further, ,f there , « a ' ea * "J™ |ant , id inje ction mode. In this 
is given. If no alarm is given, then a start lamp s I t entenng the 1 * ' collection container 

mok N = N, (here N = 5) is input and the ^ the operation mode is 

receiving portion is started. Next, the ope afon models ^ |amp (ACD lan , p) is ,it The 

-apheresis". the flow chart advances to ®. In •^SSSSLS rina change-over valve 52 (V52) is in the 
leak va.ve 50 (LVS0) is then closed, the pressunz "jfJ^TSrt!?*! vacuum pump 43 (VP43) is 
pass-through mode, and the shut-off means 46 (CL46) .s opened -J™^™ 41. As a result, an 

operated to depressurize the S^,T^?3£n container 5 from the 

anticoagulant liquid (for example. ACO liquid) s in^cted ,mo collection -, then the flow chart 

anticoagulant liquid container 4 5 . «J^^J^^°Z^^ « the weight detecting 
advances to © in Fig.8(c). The mjechon ^^"J^JJ J* ^ blood Election container 5 before 
means 57 detects the state that the weight that the weigh ot tm wooa ^ container 5 

Section of the anticoagulant liquid (NW o) is subtracted ^"w.). If this state is 

, (NW M ) becomes more than the set anticoagulant ^u.d weight W (NW h N o o ^ ^ 

detected, then the vacuum pump 43 (VMS) « stopped the sh ™£* Whj)e ^ state o{ NW 

teak va.ve 50 (LV50) is opened, completing the inject »n fJ^S Aether an abnormality occurs or 

.rNW. SW. is not detected in a predetermined time. the cu « pressure (CPR) is 

not. If an abnormality occurs, then an abnormality d,s^ fj,f ^Szfna t mp 44 (CP44) is operated. If the 
5 detected, the leak va.ve 54 (LV54, is closed, and ^^^35 alarm , s given, the ACD lamp 
cuff pressure becomes higher than a set value ^^vTimZ CPR >.P2 is not detected in a 
is put out. and the start temp g« « «J 0*. ^^ r ^J wma{ or not [f n is atnor^. ^ 
predetermined time, it is always ]udged whether he cut ( pressure . a ^ ure 

an abnormality disposal is carried out and ,h f J' 0 ^^.^^ ? 0 ws into the blood transportation 
i0 needle 21 is stabbed into a vein of a donor Attar confirm ng ttia, blood flo ^ {start ^ 

tube through the puncture needle ^^Jl^SSST^ Wood collection mode is started. The 
d isposed on the front panel 80 is turned to depressurize the interior of the blood 

.eak valve 50 (LV50) is closed. The vacuum pump 43 . i operated to dep e ^ ^ jg 

. collection container receiving portion. The shut-off means 12 ! (CL12) .s ope . 
„ - operated, and .he blood collection lamp and start ^ « ^ ^Fp^r^ons of the cuft pressure 
The cuff pressure is maintained within a P""™T* Ss i the blood collection container 5 by the 
pump like the vacuum pump as Te^ri collection container 5 is successively 

operation of the above vacuum pump. The weignx 01 u>b u 
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t u, c7 if the weioht of the blood collection container 5 ( NW N ) 

STSnTs^Xl^ « (bL12) is Cosed, the leak verve 50 (LV50) is released, the vacuum pump 

m blood col»o«o« tamp Is pot out Next, (he tpp™*" mo* "'?i?^^V^n.ia«.d 

judged whether an abnormality occurs or not. If an aonormaiuy . /pi 12\ is then closed 

carried out. The separation and b.ood return ^-^Si"^ 5 Si SS«£ H. 

and first blood transportation tubes 8 and 2. ^'l^'^^^^^^^tr^ irom the 
b ,ood coiiection container 5 before ^»^Z^£Z75t SSR "w , ) (TW N -TW 5 . 

.o weight of the blood collection container 5 ( VN n) become ^ J 8 ™ » 4) are open d. the valves 

W lh ). If the set weight is reached, then the shut-off means 13 wmo 43 is stopped, completing 
51 (VS1) and 52 (V52) are released to the ^.^^® in *g %t W*.e the state of 

the separation and blood return mode, then the «°w chartadv ances to ^ u Q«L abnormality 
TW w -TWs - W,„ is not detected in a predetermined time * «W ' WJ, out Next . I, is judged 

,s occure or not. If an abnormality occurs, then an ab norm ality d«po« « earned ^JJ ^ 
whether the remaining number of times of blood co.tect.on »™™^ 0 £™ e £^£ and blood 
times is not one. then the How chart t advaces to @ , « WJ*^£ ^ numbe r of times. The 
return lamp and start lamp are put out. N - N 1 is input ^° u ™ ,., , The , eak valve 50 

weight of the blood collection container is memorized as TW1 • The ACD lamp , • W aga 

50 (L V50) is Cosed, the valve 51 (V51) is in the ^ough -^/metnf H S!-14, is opened, the 
atmosphere, and the vacuum pump 43 (VP43) is <>perat»d. ' ™ s ™ . 0Der a1ed An anticoagulant liquid 
leak valve 54 (LV54) is closed, and the cuff pressure P ump 44 < ^^opwjKl^A 9 
(for example. ACD liquid) is injected into the , btaod flection J^J^J^ conta f ner 5 (NW H 
container 45 till the weight that TW1 is subtracted from M«m0M o. in vg|ue js 

55 . ) becomes more than the -tjj-^gj K^^^p^^ipp-. and the ACD lamp 
reached, then the shut-off ™*ans 46 (CW6) is dosed trwvac p <ime „ „ always jud9 ed 

' ^irZZT^Z '^XXSSZZ* - an abnormality dispose, is carried out. 
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Next, if the cuff prepare becomes higher .hen a predetermined vaiue (CPF I M •»"•• Jj *J 
advances to fib in Rg.8(d) to start the blood collection mode aga.n. White the state of CPR M *re is not 
detecTed in a predetermined time, it is always judged whether an abnormality occurs or not. If an 
abnormality occurs, then an abnormality disposal is carried out. , , 

; TS h K the remaining number of times of blood collection is one (N = 1). an end alarm is 
given the start lamp and the separation and blood return lamp are put out. and an end lamp ,s lit. The 
S^neSe 21 is then withdrawn from the donor. By opening the cover of the plasma Chechen 
apparatus 40. all of the shut-off means 12. 13. 14 and 46 are opened and the end lamp -s pr out The 
blood collection container is put out from the blood collection container receiving portion and the plasma 

o separator is detached from the plasma separator attachment portion, completing the plasma collection 
operation. Otherwise, not opening the cover but inputting the number of times o blood collection (N) 
trough the number key and operating the start key again, the flow chart advances to ® m Rg.8(b) to 
start the anticoagulant liquid injection mode again. 

in this flow chart, if an abnormality occurs in the detection of the weight ol the blood collect™ 

s container or cuff pressure, an abnormality disposal is carried out by detecting the occurrence of the 

^"n^! 1 a warning flow of the plasma collection apparatus 40 of the present invention will be described 
with reference to F,gs.9(a). 9(b) and 10. Referring to F.gs.9(a) and 9(b). during operation of the plasma 
collection apparatus 40. It is always judged in order whether the stop switch is operated or not whethe 

* there is a drop of the flow rate of collected blood or not whether the cover is open or not. there is a leak of 
blood or not. and there is a bubbie or not in separation and blood return mode as shown by the ,m ^ide 
route of Rg.9(a). If the judgment is YES in each step, the flow chart enters the warning flowjn this ; bme. rf 
the drop of the flow rate of collected blood is detected, then it is judged whether ,t .s in the blood collection 
mode or not. If it is in the blood collection mode, then it is judged whether A = , (if A = 1 . it means another 

2s drop of the flow rate of collected blood). If A #1. the flow chart enters a subroutin A shown in Fig. 10. In the 
plasma collection apparatus 40. the interna, pressure of the blood collection container ^,,9^4 
is maintained by ON/OFF operations of the vacuum pump within a range between the upper limit of a set 
pre'sC anlthe lower limit of 0.8-0.9 of the set pressure as shown in Fig^ 11. T »°™Z ^ZZ«Z 
disposed in the blood collection container receiving portion 41 detects the weight of the blood collection 

30 corner by a period of the swing motion by the swinging means 42 of the blood collection container 
recefving portion 41. A detected value is compared with the value detected 15 seconds be ore to detect a 
drop oHhe flow rate of collected blood. If the drop of the flow rate of collected blood is detecte d the , the 
Jow'chart enters the subroutin A shown in Rg. 10 as described above. In this subroutin *~J™£ g 9 s 
10 and 12 the vacuum pump 43 (VP43) and swinging means 42 are stopped and the leak valve 50 is 

35 opened This LteTkept for one second (T«). Then, the pressure for blood collection is automat,caHy set 
aH/2 of the sJ, pressure' (P,). that is. P./2. The vacuum pump 43 (VP43) and s^.ngmeans 42 . are then 
operated and the leak valve 50 (LV50) is closed. Next. A = 1 is automatically input and blood coNec t or ms 
started again. If another drop of the flow rate of collected blood occurs A = 1 I ,s ,udged as shown in the 
«ow chart of Rg.9(a,,.t is then judged whether or not the value that the predetermined weight (TW 5 ) is 

<o subtracted from the weight of the blood collection container 5 (NW N ) is more than he se weigh t (W h ( 
L .jws > W lh ) If this judgment is YES (if NO, it corresponds to the condition of F,g.8(e)) a low drop 
al£!n lanTp goes on and off. A = 0 is automatically input, and an alarm 82 is operated, then the flow chart 
advances 16 ® in Fig.9(b>. The vacuum pump 43 (VP43) and swinging means 42 are ^en s opped and 
me leak vaLslo (LV50) and 54 (LV54) are released as shown in Figs.9(b) and 12. Next, an of the shu -off 

,s means (CL12. 13. u and 46) are Cosed and the start lamp and an break : temp gc > on and off 

judqed whether the start switch is ON or OFF and whether the break switch is ON or OFF. If ,t is detected 
rnaUhe start switch is on and the cover is closed, the break lamp is put out. the start lamp goes on. he 
£ ^^mTam P ?s7u out and the flow chart advances to © in Fig.9(b). If it is detected that the brea switch 
fs ON. the alarm lamp, start lamp and break lamp are put out and the flow chart advances to © 0. the flow 

so chart of Rg.8(a) to break off the plasma collection operation. 

Next, examples of the present invention will be described. 



ss 



Example 1 



ACD added bovine blood of 446 ml regulated to Ht 40 % was contamed by the blood col ect on 
container. The blood collection container containing the above blood was received by the blood collechon 
con a ne receiving portion of the blood collection container receptacle. The internal pressure of the blood 
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collection container receiving portion of the blood collection container receptacte^sset at 60 mmHg^The 
olasma collection container was received in the plasma collection conta.ner receptacle and the .nternal 
o tsTure theS was set at -30 mmHg. The plasma collection container receptacle was Hemoquick 
ESLnr^de mark of TERUMO KABUSHIKI KAISHA). The circuit construction was as shown ,n Rg. 1 
5 SfESZi Tmeans 11 13 and 14 were opened and the shut-off means 12 and releasing means 17 
wtre ^ closedTe Raiment time of the blood of 446 m. was 16 minutes and 35 seconds and plasma of 196 
ml could be collected. 

w Example 2 

An exoeriment was carried out similarly to that of Example 1 except a head h between the plasma 
is Example 1 were obtained. 



20 



25 



30 



Example 3 

The p.asma collection apparatus as described above with reference to Figs. 4a through 9 ^ prepared 
The singte-needle type plasma collection circuit had the circuit construct™ sh<w " ' n /'9^ T ^r p f K C .^ 
EdZSTE anThe' plasma separator was a flat membrane 2X££ X°& 

of 4 I reoulated to Ht 40 % was contained by the container. The puncture needle was nsertea in tne 
container to «rrv out the plasma collection experiment. The blood collection conta.ner receiving portion of 
^la^mi cS^niparatus was depressunzed to -180 mmHg upon blood col.ect.on and P^«ur. Z ed to 
r i6 rmmH C rSn «£. return. The pert ed ofthe ^^^^^ ^ 
^^JTJZ ZTtX^ ST-1SS- coition operaUo, The results 
of the plasma collection are given in the following table 1. 

Table 1 



35 



40 



Number 


Time of blood 
collection 


Time of 
blood return 


Amount of plasma 
collection (g) 


1 

2 

3 

4 

5 


1 37 
1 41 
1 42 

* " 

1 42 
1 43 


'-" * * 

2 14 ! 
* * 

2 29 
2 25 
2 36 
2 40 


81.8 
89.2 
86.0 
84.2 
82.0 


Total 


22 


10 


423.2 



45 



50 



The siog.e-needie type p.asma separation tn£^ 
collection needle; a blood collection container: a <''St "cod J™^??!^ Wood transportation tube 
collection needle to the blood collection contamer; a ^^^^^.^^UsporWion 
connecting the blood collection b^S tranJportation tube; a p.asma 

tube connecting a blood outlet of the ^J 6 **'*™ * " * 0 °„ et of the plasma separator to the 
collection container; a ^^^SS^^ recC^TnSding a receiving portion for the 
plasma collection container; and a blood collection comwMr ec p receiving 
blood collection container and capable of pressurizing ^ and ^P^^^^^^ ^ 
portion. Particularly, the single-needle type plasma sep eraHon ap parafes of nvent o p 

with the blood collection container receptacle »*n B *» ^J»^2m5 Portion. Thereby, it is 
container and cap*'* * o, the 

possible to carry out the collection of btood into ne concentrated red b .ood cells from the plasma 
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70 



75 



20 



25 



30 



35 



whofe size of me apparatus is Sma , -^^^ 

because there Is no necessity (or ensuring a head ^L^T^^J^^ be co ,,ected. Furthermore, 
be handled can be gathered, improving the operab.l.ty. an plasma ^can ^"^ be ^ vo(ume for 

the blood transportation tubes connecting the c0 ^ n ^ m ^^ ^onSono the operation 
priming of the plasma separation apparatus can be made smaM andan a mo communication 
becomes possible. Besides, because the second never Hows into the 

with the first blood transportation tube in the apparatus oMhe g^^J^ ^ the second blood 
second blood transportation tube upon blood collection. Thus, the removal 

jstr csiSL; sssa ^sr- - - ~ - - — » 

tube, utilizing blood effectively. „ rp - pn . invention blood is first collected in the blood 

,n the plasma separation apparatus ^J^^^J^. Therefore, by disposing an 

r^oVcl^^r !n advance, it becomes possible to annate an 

and an anticoagulant liquid container connected to the an m*""^ Section container, 
of blood collection and plasma separation can be earned out wrth a smgle Wood coHec ^ 
The plasma collection apparatus of the present ln ^t 'Lt ne a wTS transportation tube 
circuit comprising a b.ood collection needle; a Wood ^£Sir. aTecond blood 

connecting the blood collection needle to the blood collection co"fe»ner. a Wo^ separa^ . 

transportation tube connecting the ^^^^J ^rStd^ 
blood transportation tube connecting a blood outlet * *J£"£^ ng a p i asrn a outlet of the 

tube; a plasma collection container; and a J^T^S^ a blood Election container receiving 
plasma separator to the plasma collection conta ner ~™P nses * ° °° surizing tne inte rior of the blood 
portion; pressurizing and depressing means for'detachably attaching the 

pTmr^^ p = 



Claims 



40 



45 



50 



55 



A single-needle type plasma separation apparatus ^3^^^ SS 
collection container; a first blood transportation tube ««££2£^S2Ey said blood collection 
collection con,, ne,^^ 

™ «o saio *ST S, transport |« J^^^SEE centner; 
S captwl oTptessurizing and depressurizing the recerv-ng portion chgmber fe 

communicating tube having an air filter and a releas.no «™ans to the a™sph e^ 
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contained In said blood collection container. 

n pSma col.ect.on apparatus to which is connected a blood separation circuit comprising a bood 
coitection needle; a blood collection container; a first blood transportation tube connect.no sa d bood 
collection neSe to said blood collection container; a blood separator; a second blood Wortation tube 

s SnneSglafd b tood collection container to a blood inlet of said blood separator; a third blood transports- 
S S comec«n7a blood outlet of said blood separator to said first blood transportation tube: a plasma 
Sectton «ntaTne?and a plasma transportation tube connecting a plasma outlet of said plasma separator 
to S"a^na coition container, comprising a blood collection container receM^po^pressurizing 
and deoressurizing means for pressurizing or depressurizing the intenor of said blood col ection container 

,o re^ivfnq Sno; a plasma separator attachment portion for detachably attaching said plasma separator; 
ETSUTSn. for closing said first blood transportation tube of said blood separation crcurt; second 
iiTmeans for closing said second or third blood transportation tube thereof, and th,rd shut-off means 
for closinq said plasma transportation tube thereof. *. ir *, fi „ 
7 A^sma ejection apparatus according to claim 6. wherein eaW 

,s comprises pressure detecting means for detecting the pressure of the .ntenor of said blood collecbon 

rATsrScSrpparatus according to claim 6. wherein said plasma collection apparatus furiher 
co^priis waXoetectinTmeans for detecting the weight of said b.ood co.lection conta,ner receded by 

said blood collection container receiving portion. ftrtrtarQfMC fltf 4 h pr 

20 9. A plasma collection apparatus according to claim 8. wherem said plasma collection app^atus further 
comprises a controller for controlling said pressurizing and depressunz.ng means, and said f.rst. second 
and third shut-off means on the basis of the output of said weight detecting means. 
0 iXma coliection apparatus according to claim 6. wherein said 
- comprises swinging means for agitating said blood collection conta.ner rece.ved by sa.d blood collection 

25 n^rSecS apparatus according to claim 6. wherein said single-needie type plasma .separation 
LmuZ comprises an anticoagulant liquid container and an anticoagulant ^V^^^ 

30 . 12 A plasma collection apparatus according to claim 1 1 . where.n sa.d controller controls sari fourth 
: • . TaTplasma collection apparatus according to claim 6. wherein said plasma collection apparatus further 

X£ If™— .« M »W ="«o M g Ul .n. liquid 

of said weight detecting means wherein said controller controls said pressurizing 

indXTsi;^ -*« t said swin9ing means and 

S P=4 means ,or cuff on the h^sof a b.ood 

,7. A p.asma collection apparatus to ^^.^^^SnspoSation tube connecting said blood 
collection needle; a blood collection container a m t woou i h transportation tube 

Election needle to said blood co.lection container^ a _ blood ^^\^^Si blood transporta- 

connecting said blood ^^^^t^^VSXSi transportation tube; a p.asma 
tion tube connecting a blood outlet of said Wood serrate ^ ^ sa ^ Mjd ptasma separat0 r 

SS - collection contamer; and a ^'^^^^^SStion container receiving portion; pressurizing 
,o said plasma t^tectwn con *™^% S ™™ esswi2ing tne interior of said blood collection container 
■SSSTSn ZZ?™ SZM*rrJ^ for detachably attaching said p.asma separator; 
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JO 



75 



first shut-o« means tor cfosing s*d « -^"iT -eU'^X Tu^" 
shut-off means tor Cosing said second btood «««« ^ ^ ^ ^ ^ Qf >aW 

closing said plasma transportafon tubett>ereof SjSlSi by the operation of said pressurizing and 
blood collection container receiving portion J? *P^f~"V ( y b|ood int0 said blood collection container 
depressurizing means so as to collect a P r ^ e, % m 'f .J'Xt of 3d blood collection container receiving 
from a donor; a small amount Wood return step ££^*J5-urt*B means after completion of 
portion is pressurized by the operation said Brst blood transportation tube to said 

Sd blood collection step so as to ^S£SiZ said first blood transportation tube; 

donor and flow the blood cottected in ^^£^,SXZ collection container receiving portion is 
and a separation and blood return step that the mtertor °< after comp ietion of said small 

pressurized by the operation of said j»««"8^ SSSTTSl Wood collection container into said 
amount blood return step so as to flow the ^collected m ^ ^ seid plasrna outlet 

plasma separator, collect plasma cornpone^ into sad p^a^ma co ^ ^ ^ ^ ^ of 

of said plasma separator, and return red blood cell component to 

said plasma separator. wherein said plasma collection apparatus further 

18. A plasma collection apparatus according, o^ "j* ~ b(ood colle otion container received by 
comprises weight detecting means for detecting the , weigh t ot controlling said pressurizing and 
said blood collection container receiving portion and •"J 0 on the Dasis of the output of said 
depressurizing means, and said first, second and "J**" me<ms 

weight detecting means in accordance with the . step ^carried o ion circuit comprising a blood 

19. A plasma co.lection apparatus to which "^"^^l^^ , 0 be connecting said blood 
collection needle; a blood collection contamer a fir* t Wood tfanspo transportation tube 
collection needle to said blood collection contamer; a ^ blood ^rato^a ^ ^ ^ 
connecting said Wood collection container to a Wow Mntat oT sa«o ^ transporta Uon tube; a plasma 
tion tube connecting a blood outlet of said bloody separata to said fir* ^ ^ p|asma separator to 
collection container; a plasma transportation ^."??2Si£?and an anticoagulant liquid transportation 
said plasma collection container; an Section container, comprising a b.ood 
tube connecting said anticoagulant liqu.d contamer to sa>d {of pressunzin g or depres- 
collection container receiving portion; pressurizing and JP'^ su ™ n9 a p. a sma separator attachment 

, surizing the interior of said blood collection ^"^^'^jS^eans for closing said first blood 
portion for detachably attaching said plas ma •W^^J f ° mewl8 for closing said second blood 
uansportation tube of said blood sepa ration^ ™™«>*^ S ^ transportation tube thereof; and 
asportation tube thereof; third shut-off Tqufd Transportation tube, said plasma co.lect.on 

fourth shut-off means for closing said anti co*£«« interior of said blood collection container 
5 apparatus earring out an anticoagulant hqu.d miction amJ depressuriz ing means so as to 

receiving portion is depressurized by the operation of said pmssunz g v ^ ^ 

inject a predetermined amount of anticoagulant ^"^J™ sai0 blood collection container 
anticoagulant liquid container; a ^Wood coHec^n *e and depressurizing means after 
receiving portion is depressurized by the operation oi sa p determi ned amount of blood into 

» completion o, said anticoagulant liquid -jection ^ep ^^^^0 that the interior of said blood 
said blood collection container from a donor; a small "»«^n of said pressurizing and depressurizing 
collection container receiving portion ,s P^unzed by ^^ope^on o^s P said first blood 

means after completion of said blood collection s ep so^ as to re urn^ * ^ ^ sald 

Importation tube to said donor and ttow ^^^^^Jj° that the interior of said blood 
« first blood transportation tube; and a separation ™*™^ '«™VJti pressurizing and depressurizing 

so donor from the blood cell outlet of said plasma separator. c0 „ e ction apparatus repeats 

20. A plasma collection apparatus ™ 'a d small amount blood return step, and 

said anticoagulant liquid injection step, said blood .^J"**^ number of „ me8 . 
said separation and b.ood return step in this order in a P^T^^^ option apparatus further 
. 21, A plasma ejection apparatus -"^^^J^Si col.ection container received by 

ss comprises weight detecting means for detectmc the we.gn ° controlling sa id pressurizing and 

said blood collection container £ ^ shut-off means on the basis of the output of 

depressurizing means, and said first, second, two anu 
said weight detecting means in accordance with the step earned 
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FIG. 4 (b) 
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FIG. 8(f) 
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FIG. 8(9) 
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© The single-needle type plasma separation ap- 
paratus (1) of the present invention comprises a 
blood collection needle (21); a blood collection con- 
tainer (5); a first blood transportation tube (2) con- 
necting the blood collection needle (21) to the blood 
collection container (5); a blood separator (7); a 
second blood transportation tube (6) connecting the 
blood collection container (5) to a blood inlet (7a) of 
the blood separator (7); a third blood transportation 
tube (8) connecting a blood outlet (7b) of the blood 
separator (7) to the first blood transportation tube (2); 
a plasma collection container (10); a plasma trans- 
portation tube (9) connecting a plasma outlet (7c) of 
the plasma separator (7) lo the plasma collection 
container (10); and a blood collection container re- 
ceptacle (18) including a receiving portion for the 
blood collection container (5) and capable of pres- 
surizing and depressurizing the interior of the receiv- 
ing portion. Because the single-needle type plasma 
separation apparatus (1) of the present invention is 
provided with the blood collection container recep- 



table (18) including the receiving portion for the 
blood collection container (5) and capable of pres- 
surizing and depressurizing the interior of the receiv- 
ing portion, it is possible to carry out the collection 
of blood into the blood collection container (5). the 
transportation of the collected blood to the plasma 
separator (7). and the return of the concentrated red 
blood cells from the plasma separator (7). Therefore, 
the present invention affords the advantages that the 
circuit construction is simple, the whole size of the 
apparatus is small, the apparatus can be used even 
in a narrow car for blood donation because there is 
no necessity for ensuring a head for circulating 
blood through a plasma separator, parts to be han- 
dled can be gathered, improving the operabitity, and 
plasma can easily be collected. Furthermore, the 
blood transportation tubes connecting the compo- 
nents to one another can be shortened, the volume 
for priming of the plasma separation apparatus can 
be made small, and an automation of the operation 
becomes possible. 
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